
and insert — Jbf the etching chamber in a range-fc.j^,5 amp linp 
JL^ ^ 



jl^, after- "120 "C" insert — , — ; — 

Line 11, delete "the"; 

Line 12, delete "the" and insert — a — , same line 12, after 
"and" i^r^ert — a — ; 
Line 14 f after "and" insert — , — ; 

Line 15, after "also" insert — , — , same line 15, delete "a' 
and ins^t — the — ; 
Line 1^ , delete "an" and insert — a simplified — ; 
Line 17, delete "performed" and insert — obtained — . 



REMARKS 

The specification and abstract of the disclosure have been 
amended to correct errors of a typographical and grammatical 
nature. Due to the excessive corrections thereto, applicants 
submit herewith a Substitute Specification, along with a 
marked-copy of the original specification for the Examiner's 
convenience. Applicants submit that the substitute 
specification includes no new matter. Therefore, entry of the 
Substitution Specification is respectfully requested. 

The claims have also been amended to more clearly describe 
the features of the present invention. 

Entry of the preliminary amendments and examination of the 
application is respectfully requested. 

To the extent necessary. Applicants petition for an extension 
of time under 3 7 CFR § 1.13 6. Please charge any shortage in 
fees due in connection with the filing of this paper, 
including extension of time fees, to the Deposit Account No. 
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01-2135 (Case No. 503.37698X00) and please credit any excess 
fees to such Deposit Account. 
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Tel. : 703-312-6600 
Fax. : 703-312-6666 

WIS/DRA/slk 



Respectfully submitted. 
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Title of the Invention: 

A PLASMA PROCESSING APPARATUS AND A PLASMA 
PROCESSING METHOD 



5 Background of the Invention: 

The present invention relates to a plasma processing 
apparatus and a plasma processing methodf and- in 
^rticularl^^to an apparatus for etching an insulation 
film* such as a silicon oxide film of a wafer .using a 

10 plasma ^nd)y^relates to a plasma etching apparatus and a 
plasma etching method having a plasma generation source 
which^[can be corresponded t'^ a minute |practicin^of an 
etching pattern * and | further [enable for maintaining]! a 
stable etching characteristic during a long period. ' 

15 {Among)(conventional plasma processing apparatus es[V)(an 

oxide fiirn plasma etching apparatus Cs exemplified) and 
techniques/ and|problems [ofjj(this apparatus are^^ghow^. As 
^hejLconventional plasma source an oxide f ilm [use^p-'^''*^*'**^ 
etching apparatus, a type which is used most widely is a 

20 narrow electrode type high frequency plasma generation 

appar at usj^ which is comprised of a pair of |opposing](c;]pf'^'^^^ 
electr^ej^j^^^^^ ^ 

(rhed systems of the narrow electrode typ^ high 
frequency plasma generation apparatus ^ave known tha^^ 

25 there is a system in which a high frequency (jiaving) from 
13.56 MHZ to a several 10 MHZ ^egreej is applied to one 
electrode and ^o another electrode by mounting a waf e^ a 



10 



15 



2 

high frequency bias ^avinqj/about 1 MHZ £o the waf erj is 
applied separately^ and there is another system in which a 



high frequency is applied to ja]^ pair of electrodes. 

In thisi plasma sourcte (sy stein] etching apparatus, 
since [a^^distance between the electrodes is narrow^ from 20 
mm to 30 mm, it is ^lled^jfas a narrow electrode type 
plasma source and a parallel flat plate type plasma 
source • --^ 



^Further, in the narrow electrode type plasma source^ 



it is difficult .to generate a plasma (generation atjj(a 
region where (^ajj|.pres sure is low, howevei^ by (a^ ^addition of 
[a function of) a magnetic field /application etc^, an 
apparatus^ in which a lowering of [^jidischarge pressure (is") ^^^-^ H 

.Bjnproved is used|. . . 

(Further, inTtaddition to the aboveT-stated/iapparatus, 
plasma etching apparatuses ha ve^f known^ thesej apparatuses 
gre) one|j^^plasma etching apparatus having an induction type 
plasma source in which an induction coil is used and 
another plasma etching apparatus ^avin^ a [microwave) 
20 plasma etc hing microwave is introduced > 

^In these/ induction type etching source and ^hej.'^^ 
microwave type plasma^(sources), it is possible to generate 



and main 



intain the plasma under a low pressurejand^^^urtherl^, 
since plasma density is high, (the above- state^ plasma 
25 source is [calledj^as a low pressure and a high density 
plasma source. 

In ^ silicon oxide film etching, as an etching gas. 
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gn^j^mixture gas^ in which jtoj argon (Ar)^ a gas including 
carbon (C) and fluorine (F)^ such as C4FQ^and a gas 
including hydrogen (H)^such as CHF3^are mixed^ is used^^and^ 
further^ another mixture gas^ in which oxygen (O2) andfa| 

carbon monoxide (co^^ and hydrogen ( H2 ) etc . are added j| the 

A 

above- stated ^ne) mixture gas. is used. 

i . — 

These gases are dissociated by the plasma and/ 

dissolved toiCFj, CFj/ CF, and F. [a^ amount and ^);ratio 

of ^^^^ molecule species jg^ives largely anjj influence 

on fan^ietching characteristic of the silicon oxide film 

(hereinafter, it ^s' calle<ffl)^merely as an "oxide film"). 

ln|^|particularl^, in the case of [the)^high density 



plasma source, since /aii)^ electron temperature in the 
plasma is high, [th^ plasma dissociation; [is progressed), 

15 and the plasma /ha s)i many fluorine gas [molecule kindJ^F. 

Further, (a^^ionizatioi^^s^^^^^essed and it has a feature) 
(in which ajj^ratio of (a neuterj^jgas molecule species 
(radicals) ^ s) j^low^^^j^^^^ 

^^-^^it^ tiiese^easons , in (the) oxide film etching^ 

20 [according to thejjhigh electron temperature and ^hej^high 



density plasma, since gi^j^ amount of^^^^^^ .(CFj, CF2r CF) 
which adheres to a silicon surf acen^ein^ a foundation of 
the oxide film, is lowered, there are problems in [which anV^^^^^ 
etching speed of /silicon (Si) is large and ["^^ selection 



25 ratio is small, 



As means for solving the above stated problems, a 
method for increasingj^CFx radical amount in the plasma 



hasj known, [namely a);t^pe|:ature ofj^jwall face ot^iS) ^ jU^oJ^^^-y: 

etching chamber is^ise^^to about 2 00 **C, (and a)j^ ^ 

deposition film which [J^jadhered to the wall face/jLs) 

^ried to discharge ,^^nd an]|adhesion (to^the deposition 

5 film to the wall face of the etching chamber ^s^ 

frestraine^. 


^ As a result, in [thej^/apparatus in which (the) j high 
density plasma is used, to obtain the^ selection ratio^a 
high temperature performance of the wall face of the 
10 etching chamber becomes indispensable. 

An oxide film etching apparatus described in 
Japanese application patent ^aid-open publication No. Hei 
7-183283 is an^^^ample ^nere^a wall face of an etching 
chamber is formed^ ^itli the] high temperature performance. 
15 As a countermeasure for obtaining the high selection 

ratio in addition to the above technique, ^t has^y known 
method in which [a^j( electron temperature in the plasma is 
lowered and [^|plasga^|d^ is restrained. 

^ncretel^,^|aj plasma appllca'tlon Is carried out: 



a) pla 

20 intermittently, and ^ this method is called ^s] a pulse 



plasma method. 

As another one example |for)j obtaining [the) high 
selection ratio, there is a method in which materials for 
consuming ^he) fluorine (F) are installed in an etching 
25 chcunber in advance. In Japanese application patent laid- 
open publication No. Hei 9-283494 , (the above stated)^^:^^'^-^ 
method is^Jshow^, ^a. side wall of an etching chamber is 



constituted by silicon (Si),j|a heating means jof)^ the ^^e 
wall and a bias application means are provided, ^nd^the 
fluorine (F) in the plasma is consumed. 

In ^he) oxide film etching in which (th^ narrow 
5 electrodejtype^ plasma j is used, in correspondence with the 
f ine |pr actio ing)j( in which a device pattern size [moves to]^ 
less than 0.25 pim, |to a portion to be subjected thej 

fetch ing\ it is. necessary to make^fextremely small a) a jl^ ajfe^v^v^jL 
scatteri ng of^[an) ion i nc ident angl^. ^.^-- ^ 
10 ^Since the scattering of the ion incident angle a a 

causes an abnormality of ^n| fetching shape and (an ion}/ 
^amount forj reaching Jto g^bottOTi^^t^^^^^legp^hole /^.s^ 
gecrease^, ^ere are) problems ^gn whicfi) a lowering of /aiiJ^^W 
etching speed |is cause^ and a [stopJ||of the etching [is}^ 
15 Jcause^^-^ 

CT^ii^^scattering of ion incident angle is caused 

by [the cause in which anj incident angle distribution ^a^^^-^^^^ 
a spread angle because the ions collide with ^hej radicals 

zp 

in the plasma. To solve the above. stated problems, it is 
20 effective to dec re ase theyy[collision of the ion with theJ 
radicalsp_ in cone ret ely^^it is necessary to lower the 



25 



pressure. ^*s. . 

^As a result, in the .narrow electrode typej plasma 

generation apparatus En which? the plasma discharge (is] 
difficult to carry outVunder ^he) low pressur^, even under 
^Xi^l^G^^i^^r^snr^l^^sYi'l^ tor) generate ^he);(plasma, ^er^;(is 

geviseSJji^that the frequency of the plasma generation 



source g.s)jmade the) high [frequency) and ^h^ magnetic 
field ji^j^applied. ^ 

Further, in the narrow electrode type^f plasma source 
in which the distance between the electrodes is narrow, 
5 in a case where feh^low^fpressurization) Lst fievise^^ since 
[aii)j| average f ree^[^roke) of the gas^jmoleculej becomes long, 
the collision frequency of the gas molecules ^ogether) 
Iwit^ is decreased, J in place of this. the collision ^ between 
the gas molecules and the electrode becomesj^ ^minate). 
10 This is not a preferable condition^ (as) the etching 

apparatus^^In whiclvj according to the collision of the gas 
molecules in the plasma^ it is necessary to control the 
maintenance and the reaction of the plasm^j and^ as a 
result ^o as)\to ^rresponci the^ low pressurization.it is 
15 necessary to [for^/large ghe^electrode interval. 

When the electrode interval is ^rmedjwide,^ rateJ^J^^ ''^^^^'^^'^ 
(of an] area of the side wall [which. occupied with a surface? 
(area^in the etching chcimber become^^^arge^^^j^he} surf ace 
of the etching chamber (indicates on^^v^i^ is subjected 
to the plasma^ and the surface do^^not^a surface of [ajjitop 
plate (/a) ceiling) , a surface of ^^floor, and a surface of 



20 



the electrode (the wafer). 

Until now, in the ^rrow electrode type plasma 
source, Q^iewing^ from ^n)i aspect of the plasma and a wafer, 
25 since the side wall area is narrow, the d^osition and 

the gas discharge ^ri)/\the side wall^[do not almost give the) 
inf luence(to)|the etching character is ticQ^ however in the 
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narrow electrode type plasma apparatus in which ^e)^ low 
pressurization isj^gevise^, it is necessary to take a new 
count ermeasure. ^ j 

Further, to (correspond to^ja lar^re^^^^meter [sizing of) 
^he) wafer, it is necessary to (uniform il^gas pressure 
distribution (in al^waf er face and [a)Jlreaction product 



10 The 



distribution^ and ^ for this purpose^ it is necessary to {form^ /^-^^^-^"^^ 

wide ^he) electrode interval, and [anV importance ofj|\the^^^^ 

area ratio of the side wall becomes [hi^g^^ngre ^an^^^^^. 

inf lii^jge^ of the affects of the^eact produc^ 

which Es adhered^jto the side wall Jojs the etching 

characteristic is [shown in^ above, however^ when the ^~JU^ 

etching is continued ^xtending] over guringj a long period^ 

a chang e of the influence /degree) b ecomes a problem. 

/- — /xjL^fi^jyz^M^ ^ ^ 

^For excuaple, 'byj carrying out (r^epeatedly thej etching o^j^^^^^"'^^^ 

the temperature of the side wall [is r is enj< gradually. 

When the temperature of the side wall^^^ rise^, the 

characteristic of the adhesion and adsorption of the 

^(reaction product t^ the side wall is changed,^ as a result^ 

20 the etching character is ticy\^s fluctuate^. 

Further, in a case where the amount of the 
deposition f ilm ^ci^the side wall accompanying jwitfi] the 
etching is increased gradually, in accordance with the 
dependence |to>n the amount of the deposition film^it is 

25 possible to change the desorption and adsorption 

characteristic of the reaction ^roducQ^at the side wall 
surface. 
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A phenomenon in which the etching characteristic 
Receives the influences according to the|ytime lapse 
change stated [iii) above is known [in^ particularly in the 
case of oxide f i^^^n^^et^hing. As a result, the 

5 temperature ^djustmen^^of the side wall in the oxide film 
etching apparatus ^^^^"^ important problem. 

In^' particularly, in ^he)j|high electron temperature 
and high density plasma source, it is [compel le^) to 
establish ^h§)j|side wall temperature [liig^ . In thej^ove] 
10 [state^ high side wall temperature, even the side wall 
temperature jls f luctuatedji a little,^ the adsorption and 
desorption characteristic of the deposition film is 

c ha n ged largely. ^ ;> 

^-^^it^jlSiese reasons, it is necessary to restrain the 
15 side wall temperature fluctuation (ii^ a small range, and 

*^ 

(th^^high accuracy temperature adjustment^ such as 200 °C ± 
2 °C ^^)^ carried out. 



As stated [in) above, in any of the plasma sources, to 
satisfy the requirement /of the)\oxide film etching, namely 
20 ^h^ obtaining (the)jthigh etching speed^^|attair|^ng ghe)/^ 
high selection ratio, ^he^lgw^m^^o loading^j!^|^jh^^ 
-through of ^he)Adeep hole,^^£lt i remains the problei^ to be 
solved - 

)u The important problem in ^hejyoxide film etching 



25 apparatus gs thaBjthe dissociation of the^ gas (molecule)^ 
^cording toJ^J^the plasma is^ formed [a^s a)^most suitable 
^ndition in)j(the etching of the oxide film. To 



Eorrespond to)ithia, (it has proposed! a new plasma 
generation source ^ving)(a high density plasma underflow 
electron temperature^ '^Z^ 

^^or example, (as described in) Japanese appljgation^ 
5 patent laid-open publication No. Hei 8-300039, ^ere l.^^ 
UHF type ECR ^pparatus having a plasma excitaticM^ 
frequency ^£)^UHF band from 300 MHZ to 1 GHz. ^J5)^electron 
temperature of the plasma which is excited [byN the 
frequency band fiiavinqjf:he above stated range is low^from 
10 0.25 eV to 1 eVj and the plasma dissociation of C4F8 (hasj^a 
level ffor) suitable to ^hej oxide film etching. Further, 
since it isJ(ECR (Electron Cyclotron Resonance) system, 
even under (the|| low pressure^ it is possible to generate 

^he)Jhigh density plasma. c^^^^JLjl^j^^ 
15 As statedjin) above, for^/Jhe correspondence to the) 

f inejpracticing "and the)^ wafer /large diameter ^izin^, it 
is necessary to make the electron temperature low and to 

Restrain the excess] dissociation of the etching gas^and 
further to make the plasma density high. 



20 *^Further, it is necessary to ^nif orm)/the plasma 

density, the gas pressure and the reaction product 
distribution on the wa^f e^^ and^ as a result^ it ^s 
necessary to provide an apparatus in which ^^>f oxide film 
etching characteristic is not changed (extending] over 



25 (^ring) a long perio^. 
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Summary of the Invention: 

object of the present invention to provide a 
plasma processing apparatus and a plasma processing 
method^ where in, using^HF type ECR plasma etching 
5 apparatus [^nable f ©regenerate a high density plasma under 
a low electron temperature necess^^y for [an) oxide film 
etching etc., a fluctuation of [a^jetching characteristic 
can be restrained (small extending ove^ during a long 
period. 

10 Another object of the present invent iony| to provide a 

plasma processing apparatus and a plasma processing 
met hodj wherein, usinq^HF type ECR plasma etching 
apparatus ^enable fo^^ generate a high density plasma under 
a low electron tjgmperature necessary for ^n) oxide film 

15 etching etc., a (stog)^of ^li); etching (is not generated]/ and '^^'^^^ 
(als^ a stable operation or a stable ^orlc^can be carried 

The characteristic^ according to the present * 
invention ^ tha€jj|in a plasma processing apparatus (o^yin 
20 a plasma processing method using a vacuum processing 

chamber, a sample table for mounting a sample which is 
processed in said vacuum processing chamber, and a plasma 
generation means, ^^e plasma processing apparatusTj 
wherein* when [a] plasma processing is carried out by 
generating a plasma (according to a^jint reduction of a gas 
which contains at least carbon and fluorin^, and bytA^-**"^-^ 
(generating^ a gas species ^which contains carbon and 
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fluorine according to a plasma dissociation, said plasma 

^'^^^ jj 
generation means \Xb\ a plasma generation means in which fa] 

degree of [said] plasma dissociation is^^ a middle^[degree] and 

said gas species containing ^he) carbon and ^he) fluorine 

5 is generated fully in the plasma, and (a) ^temperature of a 

region which forms a side wall of said vacuum processing 

chamber is controlled to have a range of 10 **C to 120 ^C. 

Inj\UHF type ECR plasma etching apparatus fha^^ UHF 

band microwave radiation antenna Aat opposite)^ position^ 0 * 

10 tOjLg) wafer, |andJjjfrom a gas supply portion provided on an 

antenna portion [an etching gas is s^plie^. The UHF band 

microwave is radiated directly to [a)^ plasma from the 

antenna and is radiated in the plasma through a 

dielectric body which is provided at a periphery of the 

15 antenna. 

In an electrode for mounting the wafer (a wafer 

mount electrode or a lower electrode ) , an etching 

position and a wafer delivery position are (positioned at 

separate^^^ositions) and an electrode^^^scent) and ^escen^^j^^^^^'*^*^ 

20 function is provided. A distance (^t Lsj called /a ^ an 

^^^^^^^Ijgtrode (between distanc^" ) between the wafer mount 

[wafer] and the antenna or the gas supply plate is 



established ^fromj[50 mm to 100 mm taking into jthe) 
consideration (about such a] re-association of ^jireaction 
25 'y^groduc^. 

According to the plasma processing apparatus, a side 
wall temperature at a periphery of the electrode is 



temperature adjusted (wit h)^ a range of 10 °C to^l20 °C, 
preferably a range of 30 °C to 50 °C. ^he](side wall 
temperature^^ "f luctuated[, a gas species is discharg^d^ 
from a deposition^f ilm (ofj^^the side wall^ and this ^ives)| an 
influence (of arfjjetching characteristic. 

In^the present ^|Tivention^ to restrain the above^ 
stated influence, (a]n tem^rature control accuracy of the 
side wall is controlled^ ±5 °C. Since the side wall 
temperature is low, evenjjthe temperature of the side wall 
10 0^ fluctuated be a^ 5 °C degree, ^sinc^ the fluctuation of 
a discharge gas amount which is discharged from the side 
waia^, ^the influence on the etching characteristic can be 
neglected. 

Further, since the plasma source isj( UHF type ECR 
15 system, (aj/plasma dissociation is^ a middl^^^egree) and^lCFx 
species exists ^ully to a level necessary for the oxide 
film etchingf^ sinceha shortage of CFx species and an 
excess F^ whichj([becomes the problemsj in ^he);|high density 

— plasma source^ can be solved^gnd) to (heighte^j| the selection g 

20 ratio^ it is unnecessary to Qieightei^ j|the side wall 
temperature . ^ ^ . 

Herein, when the dissociationyi^ceeds ov^3 F or C j 
becomes rich^and when the dissociation isj^^nor-^ F, CF2/ 
CF3, etc (become the shortage's/accordingly 5 it is desirable 
25 to have ^he)j| plasma dis soc ia t ioij| fwith the) middle^i^egxe^- 
Further, since the side wal!L temperature is controlled 
(the)j^low temperature, ley en the)jside wall temperature 



-I 

control accuracy ^^s) ±5 the fluctuation of the etching 

characteristic can be restrained/ a long perio^^ 



Brief Description of Drawings : 
5 Fig. 1 is a schematic fview^howing an etching 

apparatus of a plasma processing^japparatus and a' plasma] 
jprocessing method of] one embodiment according to the 
present invention; ^ 

Fig. 2 is a jviewjjshowing a size relationship of 
10 various kinds of plasma sources of a plasma processing 
apparatus and a plasma processing method (of one] 
l^ibodimentl according to the present invention; 

Fig. 3 is a Ij/^iewy showing a characteristic of a gas 
discharge from a deposition film of a pi a sm^ (source^ of a 
15 plasma processing apparatus and a plasma processing 
method fof one embodimen_§ according to the present 
invention; 



Fig. 4 is a ^iew)j showing (ai^/ influence of a side wall 

■ 

temperature ^hich gives an influence t^/ia time lapse 
20 change of a plasma ^sources(| of a plasma processing 
apparatus and a plasma processing method fof on^ 
(^ttbodimenjt/ according to the present invention; 

Fig. 5 is a (viewj^showing an etching speed change in 
a case where a temperature adjustment of a side wall is 
25 not performed Recording to the prior ar^; and 

Fig. 6 is a [vie^j^ showing an etching speed change in 
a case where a temperature adjustment of a side wall is 
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performed according to the present invention. 

Description of the Invention: 

Hereinafter, a plasma processing apparatus and a 
plasma processing method (of^^one embodiment according to 
the present invention will be explained. 

Fig. 1 is an example ofjjUHF type ECR plasma etching 
apparatus ♦ At a peripheral portion of an^ ejfiching chamber 



1 (a vacuum processing chamber )^^which isj a vacuum 
vessel, a coil 2 is installed,^ this coil 2 generate 
electron cyclotron resonance (ECR) ^se^ field. 



^ An etching /use) gas is supplied from a gas supply 
pipe 3 and is introduced |to froin]|(a gas supply plate 4 to 
the etching chamber 1 . The gas supply plate 4 is 
15 comprised of a plate^ of (a) silicon [form] or a glass form 
carbon in which about lOO^umber^f ine holes having a 
diameter of from 0.4 mm to 0.5 mm degree are provided. 
At an upper portion of the gas supply plate 4, a 



disc (to rmjid antenna 5 is provided ^and this antenna 5 a J 

radiates microwave (havings UHF band. The microwave^ to 
the antenna 5 (Is supplied^ from a power supply 6 through 



an induction shaft 7 . 



When the microwave^ is radiated from a periphery of 
the antenna 5, an oscillating electric fielcji^gf an upper] 
25 space ^f)j( the antenna 5 is introduced ^ the etching chamber 
1 through a dielectric body 8. Further, between the 
antenna 5 and an electrode 9j a volume combination 



15 

electric field is generated^ and this electric field 



becomes an effective pla sma generation source. 

• ■ ^'vvA^^-yi 

^The frequency of the microwave/ 'is set to ^ave) a 

range of from 300 MHZ to 1 GHz and has a band area in 

5 which janjle^Lectron temperature of the plasma [has)| a low 

temperature of from 0.25 eV to 1 eV. 

In this embodiment according to the present 

invention, ^ej| frequency band (of a)/ vicinity of 450 MHZ 

can be employed. Further, as the dielectric body 8, a 

10 quartz or an alumina^ can be employed. Further^ a heat 

resistant polymer having a small dielectric loss, such as 
a polyimide etc . , can be employ e<J. 

The electrode for mounting a wafer (the wafer mount 
electrode^^ ja) sample table) 9 is provided (on a Xow^^^^^^^j_^ 

15 portion ofJj(the^^^s suppl^r^iate 4^ and a wafer 10 [be a 
sample is supported/ through [an) electrostatic adsorption. 
To draw ^to| the ions in the plasma to the wafer 10, a 
high frequency bias is applied to the wafer mount 
electrode 9 from a high frequency power supply 11. 

20 Further, the temperature control of an inner wall of 

the etching chcunber 1 (being^the vacuum processing 

chamber, which is an essential feature according to the 

present invention, is carried out at a temperature 

adjustment side wall 12 of the etching chamberl^^J^^ 

..^ ,,UM-<n^ 

25 ^To the temperature adjustment side wall 12 /j^ not 

shown ifi^igure, a coolant ^^um which ^as)| temperature 

controlled is introducedjl^nd^ the temperature adjustment 
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side wall 12 is maintained at a constant temperature. In 
this embodiment according to the present invention, the 
constant temperature in the temperature adjustment side 
wall 12 is set to (have] 30 °C, ^ 

The etching gas and ^h^ react ioiy^produc^ are 
deposited [lrJ)j^the inner wall of the etching chamber 1 and 
&lso\ they are Jdeposited at the periphery and| a downstream 
area of the wafer mount electrode 9 fand the] deposition « / \ 
film {fc^ome the generation] origin of the foreign^^iatterj. 



10 ^Accordingly , it is necessary to ^leanj per iodic ally /wxM^.<rv-< 

the deposition film, howeveryit is not always easy to 
remove [^he|j( strongly adhered deposition film. Herein, in 
this embodiment according to the present invention, the 
cleaning of the deposition film is carried out JagainJ^ 

15 using an exclusive cleaning, apparatus . ^ a f 

The (transfer to a vacuum)^ evacuation of the etching 
chamber 1, which has /opened to the air, is important from 
an aspect of ^ ^ shortage of a\ non-operation/ of the 



apparatus and further from an aspect of an improvement of 

^ Accordingly , it is desirable^haBithe deposition 
film [is tried to not adherej/(a portion wh&^ ^^^^con^p^nej^ 
exchange-over is not carried out easily^ andy^^hkt) the 
component to which the deposition film has adhered ^s^ 
25 ^ied to exch|in^^over)\another ^epared cJLea^iin 

component. /As a resulB, the (^irl opening timeAin the 
etching chamber 1 can be shortened^ and a^i^hortage) of the 



^acutun^evacuationji (after tha^ can (Improve^. 

In this embodiment according to the present 
invention, [not to adherejithe deposition f ilm^ to the 
downstream region of the etching chamber 1, ^li) ^deposition 
film[us^ cover 13 is provided ^^jthe downstream region of 
the temperature adjustment side wall 12 of the etching 
chamber 1 



^To the cover 13, a vacuum evacuation (use) and ^ wafer 
delivery (use) opening portion is provided. Since the 
10 deposition film (are recovered byj^this cover 13, the 

adhesion of the deposition film in the downstream region 
of the temperature adjustment side wall 12 can be 
reduced . 

A vacuum chamber 15 is connected directly to the 
15 etching chamber l^and a turbo molecular pump 14 having an 
evacuation speed of from 2000 L/s to 3000 L/s is . 
installed in the vacuum chamber 15. Further, i not shown 
in jt figure, to an opening portion of the turbo molecular 
pump 14^ a vacuum evacuation speed adjustment [use) 
20 conductance valve 16 is installed^ and this evacuation 
speed adjustment ^e^ conductance valve 16 is used for 
separating the turbo molecular pump 14 during the 
open time* or the evacuation speed adjustment|jise) 
conductance valve 16 is used for not opening ^the air- 
25 Next, an example of (anj oxide film etching using the 

plasma processing apparatus of this embodiment according 
to the present invention will be explained. 
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^ To the etching chamber^^^jwh^ch is (^^a^umj evacuated 
(a^i a high vacuum condition, j| not shown in/figure, the 
wafer 10 is carried in from a transfer chamber by a 
transfer arm, and the wafer 10 is delivered ^njfythe wafer 
5 mount electrode 9 . . a , , 

^The transfer arm is ^etarde^ and ^ after a valve 
arranged between the etching chamber 1 and a transfer 
chamb^^^as ^closed, the wafer mount electrode 9 is -^(^ 
^[ascended and stoppe^a position where the etching is^ 
10 carried out. In the case, of this embodiment according to 
the present invention, (aj);| distance between the wafer 10 
and the gas introduction plate 4 (an electrod^ [between) 
^stanc^) is set to from 50 mm to 100 mm. 
^ As tli^ etching gas, a mixture gas comprised of Ar^ 

15 ^ncfJC4F8,j| O2 is used, and the respective flow amounts are 
500 seem, 10 seem and 5 seem [are introduced/. The a 
pressure of the etching gas is 2 Pa. (Aijf output o^ UHF 
microwave power supply/( is 1 kW, and (a li^ output of a bias 



20 



power supply 11 to the wafer 10 is 600 W. 

A 

fThejAcurrent is applied to the coil 2 and a resonance 
magnetic field having 0.016 T of UHF [microwave : ha vingjj^4 50 
MHZ is generated between the gas supply plate 4 and the 
wafer mount electrode 9 (namely the wafer 10) 'a Next, the 
microwave power supply 6 is operated, ^cordmg^^to the 
25 electron cyclotron resonance, a strong plasma is 

generated inj ECR area having (the)j( resonance magnetic field 
strength of 0.016 T. 
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To improve the uniformity of the etching r, k jl 
characteristic, it is necessary to (uniform a^iincident 
ion density on (a)#surf ace of the yj^i^r 1 0^ and^hen/1 ECR is 
positione^as stated ^n^^abo^ of^ ECR area is 

5 formed ^^fra raised [ihap^ytoward [a^ side of] the wafer 10, 

^ a res u 1^ the^ uniformity of the ion current density can 
be attained, ^ 

After a spark of the^jplasmjl, not shown inyj figure, 
from a direct current power supply which is connected 
10 directly in parallel with the high frequency power supply 
11, a high voltage is applied to the wafer moimt^j^_^_^^ 
electrode 9.j^a^<jlj^^^en the wafer 10 is [electros tat i^ 
^dsorbedj toj^the wafer mount electrode 9. 

At a rear face of the (electrostatic adsorbed] wafer 
15 10, helium (He) gas is introduced, and the tempera tu^ 

adjustment of the wafer 10 is carried out between [a); wafer 
{mountjiface of the wafer mount electrode 9* which ^as)^ 
temperature controlled Recording to the]^coolant medium^ 
and the wafer 10^ through the helium (He) gas. 
20 Next, the high frequency power supply 11 is ^ried to| 

rbe) operated, jthe^jhigh frequency bias is applied to the 



9, Accordingly, (to the wafer lo) 



wafer mount electrode 

^he ion isJyLncident vertically from th^^las^^^^^In^^^j 
oxide film etching, it is necessary to carry out ^hejihigh 
25 energyj^^n inciden^. 

In this embodiment^ according to the present 
invention, a high frequency bias voltage Vpp (the voltage 
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between the maximum peak and the minimum peak) [is made^a 
value of from 1000 V to 2000. V, In^raccArdance with[ the 
impactj[[due to the/ high energy^ ^og, the temperature of the 
wafer lOjj^ arise^. 
5 ^ In (thej oxide film etching, since the selection ratio 

is [become) high [In thej^higher temperature^! the etching 
characteristic has a superior characteristic, j| the wafer 
temperature is adjusted to a value |having)j^evera^^^JL^C^^ 

^However, since it is necessary to carx^ out the yw^C'^^*-*^ ^ 
10 [incident of the] high ener gyy ^ion^, g)yheat input amount to 
the wafer 10 is large^ and^the coolant' med^mn temperature 
of the wafer mount electrode 9 is set ^o aj^vlclnity of 

3cime/j|tlme^when the bias voltagj^^^ applied to 

15 the wafer 10, 



At ^the Scime/j|tlme^when the bias vo It age applied 
10, ^he etching is starte<^ The^etching is 
finis hedj^nderj^a predetermined e^hing time. Or,J|not 
shown inj^figure, by monitoring £a)^ plasma luminescence 
strength ^^ange of the reaction |produc^y and further 



judging jajjfinj^ po^nt of the etching, an etching finish 
20 timers ^requestedjj and^ after a suitable over etching (is")/^ ^'''^^ 
perfor med, then the etching^^is^^^^ 

^^The|finish of thej etching is^a time when the 
application of the high frequency bias voltage is 
stopped. Simultaneously with this, the supply of the 
25 etching gas is stopped. 

However, it is necessary t^j^^vide a process ^^^j^^^^^^^^^ 



which the electrostatically (ads orbedjj wafer 10 is ^sorbed) 
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from the wafer mount electrode 9* and |as]j an electric 
adsorption gasj^jan) Ar etc is supplied- By stopping^^^ie 
supply of the electrostatic adsorption voltage^ and ^f tef)y^ 
ai^ electric supply line ^s connected) to an earth ground 



5 maintaining the discharge of the microvave)^ an^^^Lec t rjc 
adsorption time [havin^lO seconds |degreej is^^repare^. 
Accordingly, the electric charges on the wafer 10 are 
adsorbed by the earth ground through the plasma, j| as a 
result^ the wafer 10 can be removed easily. ^^^^^^^^ 
10 When the electric adsorption process is^^inishedj, 

the supply of the electric adsorption gas is stopped., and 
also the supply of the microwave ^is' stopped. Further, 
the current supply to the coil 2 is stopped. J^urth^,^J 
^^^eight o^^th^ waf^r^mount electrode 9 is ^fiescende^ until 
15 ^dj^the wafer delivery position - 

After that. for some time, the etching chamber 1 is 
fvacuuml evacuated until /th^ high vacuum. At a time point 
^fjj[the high vacuum/^^yacuation is complete^, the valve 



between the etching chamber 1 and the. transfer chamber is 
20 opened (an<|)jthe transfer arm is inserted^ and then the 

waver ^^^s^ ^^^i^^red and isj carried out. In(a^case^f7 
^n existence of^a next etching process, a new wafer is 
carried in and the etching is performed again according 
to the above— stated procedures . 
25 In^abovej, the representative flow of the etching 

process was explained, ^^^^ 

The electron temperature oi^ UHF band microwave ECR 
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plasma isia range of from 0.25 eV to 1 eV and the 
dissociation of C4FQ {beingj/the etching gasy.(is) not^very 
^^rogresse^. The dissociation of C4F8 is/ complicated [on^, 
(however^jthe gas species which contributes y\the etching is^^ 
5 dissociated from CF3 to CFj/ nextjy[CF is^^ge^ierated, and 

finally F is generated. As a result, the (moreji^the 
electrq^ temperature ^ hig^, the more the plasma becomes 
^(one having-^-richjgas^ ^ ^ 

As stated in the. /prior art iteifl, to. ensure the^i />^-<Tf^ 
10 selection ratio in the oxide film etching on the " 

foundation silicon |the deposition film are adhered a nJJjit 
is necessary to restrain the etching according to the 
high jenergyj inciden^. Namely, since ^he) high energy ions 
are inciden^, when there (a r^ no deposition film, there^ a 
15 possibility (in whichji^the etchingj{(^ progressed] according 
to a physical sputter. 

As a resur^^to progress ^he etching, i^j^ls ^ 
necessary to supply jthej high energy ions to th^ hole 
^otto^, however to ensure thfe^selection ratio, it is 
20 necessary to supply (the) radicals which form(th^^'^ 
deposition film. It is said that the radicals for 
forming the deposition film are CF3 and CF2. 

^[in reversely, F radical^ form SiF4 etc. and the 
foundation silicon is ^adeJ(to be etched. As a result, to 
25 perform {the^ high selection ratio etching, it is necessary 
to make CF^/F (CFj-F ratio) large- In the case of UHF 
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band microwave ECR plasma,^(sine^ the electron temperature 
is low, the generation amount of F is small, (thej plasma 
having^ ^he^ plentiful^ CF3, CFj and CF is formed. 

Accordingly, as shown in the case of [the)( high 
5 electron temperature and (the)Ahigh density plasma, to 
supply CF2 and CFj^ which become insuf f icient [b^j^the 
excessive progress of the ^plasmaj dissociation of the 
plasma, it is unnecessary to heat the inner wall of the 
etching chamber Ijjmore than 200 °C. , 
10 As the necessary points fory||Ehe| fine ^practicin^ ' 

correspondence etching, Jl following points are stated, 
namely (1) under fth^^low electron temperature * the plasma 
dissociation is restrained suitably and^^he) plasma having 



^he)J.< 



ie);iarge CF2/CF (CFj-CF ratio) is generated^]- (2) the 
15 discrepancy^^froml 90° angle ^f^jthe ion incident angle is 
restrained/^ smallji and a tapering formation of the etching 
shap^7|ji(3) evenjithe etching is repeated many times, the 
fluctuation of the etching characteristic is small|^ etc^i 
In addition to the above^ an item relating to the 
20 etching characteristics is an important development 

problem, however^ in the present specification^ such an 
item is not mentioned. 

The abovejjstated item/for the necessary points 

for the f ine^^^acticing)j|Correspondence etching is solved 
25 by the use o:^' UHF band microwave plasma etching apparatus 
according to the present invention - 

As to the above— stated ^2)j item/\for the necessary 
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points for the fine practicing correspondence etching, a 



^ractxcing correspondence etching, a 
le orbit I is Z&isDlaces accordina to) i^y^-^^ 



main cause is that the orbit^ is gisplaces ^^a^gor^ng toj^c^ 
the collision of the ions and ^he)/^as |laolecularl|in the 
vapor phase* and /it is effective to lower the pressure to 



lessen the (collision of the molecula^. 



-SinceJ UHF band microwave plasma etching apparatus 
according to the present invention used th^yelectron 
cyclotron resonance, it is possible to generate the 
plasma under fthej/low pressure. 
10 As to the above^stated {j3 n^tem/ for the necessary 

points for the fine ^ra^ticiag);^rrespondence etching, it 

is necessary to /not f luctdateUthe etching characteristic 

u^fU^ i^u/^^JU^^f (^vjx^ t^A^-^A ^ iAj (tJu^ "^f 

even^the)\etching ^ime numbersj^are repeated |a^^ several 

hundred /order^j namely^ it is necessary to restrain the 

15 time lapse change. 

^ A main cause of the time lapse change is the time 
fluctuation of the fgas*^ kinds i which are discharged from 
the deposition film which ^dhere^to the inner wall (the 
side wall, the ceiling, etc) and they components of the | 

20 etching chamber 1. (in concretely / the temperature 

fluctuation of the members to be subjected/ such as the 
side wall [occupies the\large causey 

As a count ermeas ure (o£)l the restraint of the time^^^^^^ ^/^uJ ^Jaa^J^ H 
lapse change, basically the apparatus is formed^ to fnotj/^ 

25 fluctuate] the desorption and adsorption phenomenon of the 
deposition f ilm (of^the wall face [according to the^^^*"^*'*^ 
temperature control^^yhoweverj in (accordance with th^ o'-^'-t''^-*"^ 



plasma generation systems, the wall face area^^cessary) 
to form |as) the apparatus differs . 

The relationship between the etching chamber height 
and the side face area is shown in Fig. 2. In the narrow 
electrode type plasma ^pej apparatus , the height of the 
etching chamber is lowj and also the area of the side wall 
face is narrow. On the other hand, in the high density 
plasma ^pej apparatus, the height of the etching chamber 
is high^a^d also the area of the side wall face is wide, 

In^UHF type ECR apparatus according to the present 
invention, the height of the etching chamber (the 
electrode/ [Between distan^) the area of the side wall 

are positioned intermediately j| and the apparatus occupies 
^h^jregion which is suitable for [the) oxide film etching. 



Namely, according to the present invention, ^the 
height of the etching chamber (the electrode ^etwee^ >^ 
^stancSk) and the area of the side wall has a middle 
value [having 30 mm -100 mm^bf the narrow electrode (about 
30 mm) and the microwave ECR induction type (more than 
100 mm) . 




The heightof the etching chcimber, namely the 
electrod^jj^etween ^ ^j^^^^^^^^^^"^^^ from 50 mm 
to 100 mm, and the reactiory\ [product) generated by the 
etching (Isji^re-dissociated and (is) re- incident [td)( the wafer 
10. 

^it^/the above stated reasons, the etching 
Characteristic of the oxide f ilm^(receives an influenc^. 
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however^ this is caused by making the most suitable 
performance to the influence degree^ such as the re- ^ 
dissociation and the^^ciden^ of the reaction (produc'§/f 
etc. with the etching characteristic of the oxide film. 



5 ^^^^^^araely, in this embodiment according to the present 

invention, the electrodejjbetween distance) is ^ormed)^:^^ 
(according] to a predetermined distance vjhich is determined 
by a relative relationship of [a^ mean f ree^^troke at a) 
vicmxty ^o^f th^ ^pressure of 2 Pa. j ji 

10 Since the electrodg^(between distance) is (formed byjf^, 

the above stated distance, the pressure distribution on 
the face of the wafer 10 can be^nif orme^. In a case 
where the wafer diameter is^ formed largely) from 200 mm to 
300 mm, the difference in pressure between the center and 
15 the periphery of the wafer 10 can be small ^11 ^ 

^Further, since the conductance, which depends on the aa O^^jf^^ 
electrod^l^etween distance) is ^^gie^ large, ^h^^high^^ Xcr 
vacuum Evacuation speed] can bej[^btained large t\iLV^,j^ as a 
result J the (stay\timej^^f^ the etching gas and the reaction 
20 l^[^roduc^j^can be shortened easily. 

. In a case where the area of the SLide wall is further 
^ (wid^, there is a possibility ^in whic^^he a^^^sion amount 
of the deposition film becomes large ^nd then]y^the^/^^--^^'^^'^ 
^f luence^d<igreej[^^ the etching characteristic becomes 
25 large. In ^h^j^apparatus for mai.ntaining ^ej^high density 
plasma, according to theifeequest) of the plasma generation 
method, it is necessary to form the height of the etching 



chamber to range from 100 mm to 2 00 mm^^^j^ 

■ ^kJX^ o^i 

^Accordingly, thejfirate in 'which\ the area of the side 

wall [occupies largely in a^ whole area of the etching 

chamber is high ^andA the influence fduring^ithe fluctuation 

5 of the etching gas and the deposition of the reaction 

product injj^the side wall [Is^jjlarge, 

As |t^he) methods for restraining this influence, there 

are methods in which the temperature fluctuation of the 

side wall is/fmade to lessefl or the side wall is heated 

10 [under the]j(higjL^ temperature to ^ot adhere thej^ deposition 

Further, as stated^[In the former portio^, in ^he)^J^ 
apparatus using ^he)j[high density plasma source, since the 
electron temperature is high, [the plasma havingl/y F-rich 
15 plasma is generatedQj(to ensure ^h^j^select ion ratio^it is 
necessary to reduce the gas species which adheres to the 
side wall*^ or it is necessa^^ to promote [th^jl gas discharge 
from the 



deposition filn^ as^a result^ it is necessary to 



{make)\the side wallet the) high temperature, 
20 ^ith~))the above stated reasons, in ^he|j(high electron 

temperature and ^e)high density plasma etching 

apparatus, the side wall is heated [a t^ 2 00 °C degree_^gp^^ ^^^^^^^^^ 
the temperature fluctuation is temperature adjusted a^j^ a 
range of ± 2 °C- 



25 ^^^However, it is difficult technically to heat the 

side wall ^t^h^j^high temperature^ more than 200 "C^ and 
^soj it is j^dif f icult technically to restrain^ with |the) 



high accuracy^ the temperature f luctuation;[such] as ±2 °C , 



A [and further invites (the);^ complicated structurq^ [in) the 
apparatus and a problem in ^he^ reliability (and the risej^ 
in cost. Further, the side wallifhas the same meaning to] 
5 thei^inner wall of the etching chcunber, [the side wall) 

includes the top plate and other portions which contact 
^o^the plasma. 

(Further, inj)a portion [is onS where the deposition 
film ^^heres^[when such a portior^;is not contacted 
10 direiJtl^, since this portion has a possibility for 

affecting the etching characteristic, ^n compliance of] 
^^^^he^^apgaratus^ it is necessary to take^ fully into^n^ 
l^tentio^. 



^^urther, in the apparatus according to the present 
15 invention, since the side wall fha^A from 50 mm to 100 mm 

^egre^, ^li) the downstream regionj(i^ can ^dmit) hardly (the)^ 



region where the deposition film is adhered - 



^s a result, ^s^h^j!,oxide film plasma etching 
^pparatusj, it is desirable to provide [th^^ apparatus in 
20 which (the\ fluctuation of the etching characteristic is, i i , 
not generated^ even X the temperature adjustment accuracy in^ 
the side wall temperature is mitigated. 

IniUHF type ECR plasma apparatus according to the 
present invention, it is unnecessary to ^eighte^ the side 
25 wall temperature to improve the selection ratio. There 
is [a merit in whichjjithe side wall temperature can be 
established Recording tg^the view point of the restraint 
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of the time lapse change. « j| 

Fig, 3 shows the results in a case;i[whenj the . 
temperature of the deposition film^^s) changed 1 °C,j|the 
gas discharge amounts from the deposition film were 
measured. jt ni_ 



*^^t is \under stood); that when the temperature of the 
deposition film is high, j^^^here appe|ir much gas] amount j ^ 
(which) is discharged Recording to thel;temperature 
fluctuation of 1 °C. It is supposed that when the gas 
10 which corresponds to the flow amount of 0.01 seem by the 
conversion calculation of the flow amount of the etching 
gas, there is a possibility that the etching 
characteristic is^^^iV^ th^ influence) and the te^erature 
adjustment range of the side wall temperature ^£)i\this 
15 time is shown ^i^A^he riqht side in Fig. 3. 

In^[a^ case of 1 200 °C, when the side wall is not 
controlled [a^||^ ± 2 °C, the fluctuation of the gas 
discharge amount becomes less than 0.01 seem. On the 
other hand, K the side wall temperature is controlled^less ^^^.^o^^ I 
20 than 120 °C, even the side wall temperature changes (the)y\ ? 
change in the gas discharge amount (i s^ smal^. 

. ' ""^ 

^Namely, it is understood that even^the control 
accuracy of the side wall temperature is |controlled with] 
± 5 **C and ± 10 °C, the gas discharge for giving ^he^*^ 
25 influence to the etching characteristic does not occur. 

In the etching apparatus according to the present 
invention, the side wall temperature is established [a t^a 
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range of from 10 °C to 120 **C. Preferably, it is 
controlled from the room temperature 20 °C to 50 °C. 



^ With this temperature range, since the etching 
. chamber is not heated fat the~\high temperature, there /^re) 
5 ^fmeritsl that the [dimension! size of the apparatus is small, 
and the materials ^f^^the vacuum sealing an<^(the material) 
having [the)j^ if ferent thermal expansion coefficient can be 
used freely^ and the temperature control can be performed 
easily, 

10 According to the present invention, /it employs the) 

system^ in which [the)j coolant medium which is connected to 
the temperature adjustment means is introduced to the 
side wall. By the employment of ^he above stated^system, 
the temperature control [perf ormancej can be carried out^^^^ 

15 less than ± 10 ^'C- 

Further, Fig- 3 shows the results in which the ^ 
discharge amounts from the deposition film were^earche^. 
When the side wall temperature [becomes thej^high 
temperature |havingj[iiore than 200 "C, since the adhesion 

20 amounts of the deposition film themselves become small, 
in [th^ (^apparatus having ^jhL^J^ high temperature control in 
which [thejjdepos it ion f ilm^^re) not^^^dhere^, as shown ixi (kn)^^ 
example (ln)||Fig. 3, [the) substantial gas discharge amounts 
become small. 

25 The stability of the gas discharge amounts and the 

jy^rgeness) of the fluctuation amounts into which the 
consideration of the adhesion amounts is taken are shown 



in Fig- 4, 



10 



Fig. 4, the horizontal axis indicates the side 

wall temperature of the etching chamber. and the 

(horizontaBj axis indicates the relative [largeness degree/;^ 
gbou^jj'the deposition film amount, the ^fluencej degree (to)y^ 
the time lapse change and the gas discharge amount. 

The gas discharge amount^rom the deposition film 
increases abrupta^ |from a vicinity which exceeds over) 200 
°C. On the other hand, the (adhesion) amount of the 
deposition film^^to the side v^H (the deposition speed) 
reduces gradually in [proportional to the higflitemperature 
and dgcr ease^^abruptl^J^om the vicinity||of 200 °C. ^"^"Z ^ 

^The^eason^ is ^hy)^when the temperature exceeds (oyer) 
200 °C^and further when the temperature ejcceeds [over more]) 
15 (than) 300 the deposition f iln^fis) notjt^hered) to the 

side wall. . 

Accordingly, in the temperature range of the ^egionjy^ 
1 in Fig. 4, since thejj temperature is lowj the influence 
for referring to the etching characteristic to the 
20 deposition film of the side wall is small. Further, in 

the JregionJ 3 in Fig. 4, since the temperature is high^ the 
gas discharge amount from the unit^eposit^^^i^ 
'^^^^^acg, however ^hej^ deposition film^g.^ hardl^yi (adhered^ a 
result k the gas discharge amount is small^3y[the influence 
25 Ccjlithe etching characteristic is small. r 

However, in the (region) 2 in Fig. 4^ which ^s^t^^^ 
intermediate temperature range between^^he bot^, the 



* 
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deposition film is comparatively large and the gas 
discharge amount isj|[mucl^, j as a resul^^^the j^^i^erature 
fluctuation of the side wall fis given the|;inf luence 
(largely t^j^the etching characteristic. 
5 Taking into ^h^ consideration ^romj the above- stated 

points, to restrain the time lapse change, the side wall 
temperature is set to the^jregi^p 1 or theyig^egio^ 3. The 
temperature range of the ^gioi^ 1 is less than 120 and 
in the Eegioi^i 3) the temperature range is more than 200 °C 
10 [anc^in the ^gion);2 the temperature range is from 120 °C 
to 200 ''C. 

According to this embodiment /according toj^he 
present invention, n the side wall is establishedi the 
temperature range of th^jregion) 1 in Fig. 4. Further, 
15^ from t^ej[ principle, the side wall temperature may be 
^(establish to) the low teimeratur^, however taking into 
consider at ionU the^^^perature establis^m^t is easily^ 
the temperature an<^|l:he) coolant medium;([Is not presented) 
^ the drew) condensation, the lower limitation 
20 temperature is set to. 10 °C. i /i /i A 

Fig. 5 showsji^at in) UHF type ECR plasma etching 
apparatus ^± the ejmbodiment according to the presei^ 
^invention, .the etching speed fluctuation is shownj in a. . {^^^jjL^ 
case of using ^he^mixture gas containing Ar and C4F8, (^e)/\ 

25 continuous etching is carried out- 

chulJ^ ■ 

^In thi^fljim^, [bince)the temperature adjustment of 
the side wall is not carried out,^the temperature 
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fluctuation (Is risen accompany in^jj with the discharge time 
of the plasma is risenj to 60 °C degree from ^he) room 

temperature. The temperature fluctuation is ± 20 °C 
(degree!. The etching speed of the silicon nitride at the 
5 etching starting t im^ [becomes) high /^j ^ can be admitted) 
the fluctuation of the etching characteristic. 

On the other hand. Fig. 6 shows the etching 
characteristic in^case where the temperature adjustment 

of t he side wal3^ is carried out.^ g:> ^^^^^.^.^^^^^.^^0^ 'pl^ ^Jka^^^JLoy 

10 *^After the etching chamber is opened to the air and^ 

is carried out ^e vacuum evacuatio^, ^without [the] 
^performance of the] covering ^outj the inner portion of 

the etching chamber by the deposition film and also the 

process for presenting the regular state, Regardless) 
15 immediately j( the etching is started, the etching 

characteristic is stable from the starting time of the 



etching, and the fluctuation after that is not hardly 

l^^dmitte^. Further, the side wall temperature fluctuation 

at this time is within ± 5 ^C. 

20 As understood from the above-stated results, inj^UHF 

A 

type ECR plasma etching apparatus, Recording to the) 
(performance of ^ the)|\temperature adjustment of the side 
wall,^he^extremely stable etching characteristic can be 
obtained. 

25 Further, in this enabodiment according to the present 

invention, it isy^jexplained on the assumption] that^^UHF 
type ECR plasma etching apparatus is used, however^ when 
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the plasma source is suited for the etching of [thejn oxide 
film, it is not limited to/UHF type ECR plasma etching 



apparatus 



^Namely, when the electron temperature in the plasma 
jiy^A-.^-^^ erf 
5 is the lov^ ejjectron temperature (ha vingjjless than 1 eVj and 

(further the}^ high density plasma is used, for example, it 
^an^ employ ^he)japparatus using (the^jipulse plasma source in 

which the application of the microwave is carried out 

intermittedly . . 
10 Further, it (cag// employ (the)^pparatus usingfthqjl^'^ 

plasma^^^soi^c^^^l^ which [th^ induction type plasma^ except 

for theji microwave is pulse driven. When the side wall of 

the etching chamber of these plasma sources is 

established at a range of 10 °C to 120 *'C, it is possible 
15 to obtain ^h^/superior oxide film etching characteristic* 

and^furtherv it is possible to exhibit [the^s table 

characteristic during (t^he)y\ long periocj. 

Further, the temperature adjustment of the ^ide wall 

is exemplified I using ^he)Jlcoolant medium, however (x^is 
20 not limited^ the^coo la nt medium, ^it can employ any one of 

t hej[ [use) of ^he^ compulsory cooling using ^he| water cooling 

<\ (TV 

and ^he] vapor cooling, [the\j heater , /gh^ lamp heating using 
^hej inf rared^fra^. 

^^jj^^ summarize, the temperature ^rangej must be formed 
25 (witir);J:he range of 10 ''C to 120 *'C. With the above stated 
temperature range, even J^ the temperature adjustment range 
of the side wall is ± 5 **C degree, ^he)/lfully stable 
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etching characteristic can be obtained. 

According to the etching characteristic, even^the 
temperature adjustment range of the side wall is ± 10 °C 
jdegreej, ^he)j stable etching characteristic can be obtainedj 
5 and [further^ the temperature adjustment can be carried out 
extremely easily. 

According to the present invention, since ^he^^ 
superior oxide film etching characteristic can be 
obtained and (further theljstable characteristic ca n be 
10 obtained during^ [the) long periodj^ the following ^erit^ can 
be expected . 

Namely, the yield can be improved and the throughput 

can be improved. Further, since the temperature 

adjustment is established/jto at the) low temperature^ of 
15 from 10 *C to 120 °C, the inconvenience in which the size 

of the etching chamber is made large jby thejuthermal 

expansion can be avoide d. ^^-^ 

^For example , the line expans^n coefficient of the 

aluminum alloy which is largely^ in the etching chamber is 
20 24 X 10~^K~^£)jon the other hand^^ thej^lumina and quart 

the respective line expansion coef f icientsy^sj 6 x 10~^K~^ 

and 0.41 x 10"^^. 



^ Since the line expansion coefficients differ so . 
much, when the etching chamber is heated Recording tojljithe 
25 plasnPdischarge or the etching chamber is temperature 
controlled compulsively at fchej^high temperature, the 
differences in the ^dimension) sizes between the materials 



become large (and therT^it jls) necessary to Revise] 
Structurally^ (the avoidance of ^tt^ thermal expansion. 
Further, the (size) change in^fthe vacuum sealing 
portion j^ives the) influence^ [to) the sealing 
characteristic, and ^rther^ the heat resistant 
performance of the elastomer Eeinmjthe seal material^ 



becomes a problem- * 

^When the temperature (becomes h^gl^ to t hejj^l eve Ij^ more 
than 150 °C, th^e^ossibility ^ which)^the life of the 
10 seal mater ialy\ presents] short becomes high. ^^j^uj^^i-^ 
As stated [ii^ above, ^ere cause the) various problems 
jin which the avoida^nge^ appear sj due to |the) high 
temperature ^ and the^ heat resistant performance ^s added^ 
structurallyjj^ndj the costjy^jicrease^. 



